We examined correlates (sex, size, age) of variation in maximal burst speed (racetrack) and in stamina (time until exhaustion at 0.5 km . h-1) in twopopulations of the iguanid lizard Sceloporus merriami in Big Bend National Park, Texas. Because these populations were known demographically and were studied in several years, we were able to examine the effects of adult age on performance, the between-year repeatability of individualperformance, and environmental correlates ofyearly variation in performance. Variation in locomotor capacities was striking. Males were faster than females, and lizards from the Grapevine Hills were faster than those from Boquillas (lower elevation). However, sex andpopulation did not affect stamina. Young adults (1-yr-olds) were slightly faster but had slightly less stamina than did older adults (2-3-yr-olds). Adult size (mass, snout-vent length, hind limb length) had little efect on performance. Average performance variedsignificantly among years, but stamina varied more than did speed. Stamina was highest in a summerpreceded by relatively wetfall and winter. Despite the between-year variation in average performance, individual speed and stamina are both significantly repeatable over at least 1 yr. Neither tail loss nor toe loss affected sprint speed, but body temperature had a marked effect on speed.
Introduction
The ability to sprint quickly or to sustain activity for long periods not only tests an animal's physiological and morphological capacities, but may also able to race lizards blind with respect to locality and sex as both the provenance and sex of individuals are morphologically obvious.
Measuring Speed and Stamina
Methods of measuring sprint speed follow Huey and Dunham (1987) . In brief, lizards were chased down a 2-m racetrack (rubberized substrate). Photocell stations were positioned at 0.25-m intervals along the track and connected to a computer (Miles and Smith 1987) . A sprinting lizard would break the photocell beams, and the interval speeds (m . s-') between all photocell stations were automatically recorded. Lizards were raced six times, usually with 1 h rest between trials. The single fastest 0.5-interval among all six trials served as the estimate of maximal speed for each lizard. Methods of measuring stamina follow Huey et al. (1984) . Lizards were placed on the moving belt (0.5 km . h-1) of a treadmill. The elapsed time (decimal minutes) until the lizard was exhausted (validated by loss of righting response) indexed stamina. Stamina was measured only once.
Effect of Toe Loss
Lizards in population studies are typically identified by unique toe clips (Tinkle 1967; Dunham 1980) , and lizards sometimes lose toes naturally, presumably from injuries or encounters with predators. To determine whether toe loss influences sprint speed, we regressed residual speed on number of clipped toes, where the residuals of log speed were obtained from a regression with locality, sex, and cube root of mass as covariates. The average number of toes clipped was 3.5 for Boquillas (range = 2-6), and 3.6 (range = 1-6) for Grapevine. This analysis was conducted for the 1984 and 1985 data sets only.
Effect of Body Temperature
To determine the effect of body temperature on sprint speed, we measured speeds of individual lizards at 280, 33.5 *, and 37' C following general protocols in Hertz et al. (1983) Critical thermal limits, used to fix the endpoints for locomotor performance curves, were measured according to the method of Hertz et al. (1983) . Speed-versus-Tb data for each individual were analyzed by means of a modified minimum-polygon algorithm (van Berkum 1986), which allowed us to calculate the temperature ("optimal") at which lizards sprint fastest, the range of temperatures across which lizards can run at 95% and 80% of maximal speed (indices of the degree of thermal specialization), and the relative speeds of lizards at various field activity temperatures (see Hertz et al. 1983 ).
Effect of Tail Loss
We conducted both descriptive and experimental analyses of whether tail loss influences speed and stamina. First, we compared locomotor performances of two "tail classes" of lizards, those with complete versus those with broken (often partly regenerated) tails. For each area, sex, and age class (young and older adults), we calculated univariate t-tests of speed and of stamina between the two tail classes. For each population, we also conducted an ANOVA with age, sex, and tail category as class variables (with two-and three-way interactions). Second, we conducted a repeated-measures experiment (summer 1984) for speed. Lizards with complete tails from an area near the Boquillas site were raced six times and then randomly separated into three groups: control (n = 6, tails intact), with 1V length of tail experimentally removed (n = 6), and with 2/3 length of tail removed (n = 7). One day later we reraced each lizard six times to determine the effect of tail loss on speed.
Overall Analyses
Prior to analyses we excluded several types of data. If an individual was measured (hence raced) twice in 1 yr, we analyzed its performance in only the first set of trials. Similarly, if an individual was raced in 2 or more yr, we analyzed its performance data only for the last year. These exclusions ensure that data are statistically independent. If an individual was injured (usually a broken tail) during or just before a trial and appeared disabled, it was excluded from analysis. If an individual would not sprint well (i.e., jumped down the track or ran along the wall of the track) or run well (jumped repeatedly when placed on the treadmill), it was excluded. Omissions due to injuries or to poor performance eliminated 17 individuals (3% of the total) for speed and 21 individuals (5% of the total) for stamina. No individual was excluded from the repeatability analyses; however, if an individual was raced in 3 yr, we analyzed repeatability only between the first and second years, thus ensuring independence of data.
The effects on performance of locality, sex, age, and year were analyzed in four-way ANOVAs. Stamina was log transformed to reduce skewness. Fratios for locality, sex, and age were estimated with the (effect)-by-year interaction as error terms (year was considered a random effect; see Sokal and Rohlf 1981). Analyses of covariance were performed with log SVL as a covariate. Heterogeneity of slope tests is not reported unless it was significant. In some correlations between body size and performance, we estimated the residual hind limb length and the residual body mass. Residuals were calculated from least-squares regressions of log hind limb length or log body mass on log SVL, respectively.
Results

General Aspects ofLocomotor Performance
The overall frequency distribution for sprint speed (at 32-C) is approximately normally distributed ( fig. 1A) tendency to be correlated across 3 yr, but the correlation was insignificant (Kendall coefficient of concordance W= 0.23, P > 0.25).
Correlates ofPerformance
Locality. In all 16 sets of paired comparisons (i.e., by population and age class, table 1), Grapevine Hills lizards were faster on average than were Bo- (table 1) .
Stamina was relatively more variable among years than was speed (table 1), even though stamina was measured in fewer years. Because stamina is highly skewed (fig. 1B) , we used median, not mean, staminas in these calculations. The percentage difference among years for the eight age, sex, and locality classes (the smallest value as a percentage difference of the largest value) averaged 17.6% for stamina, but only 11.9% for speed.
To A conspicuous trend is the marked variation among individuals in locomotor performance. Some adults ran three times faster than did others (fig. 1A) . Lizards varied even more strikingly in stamina (fig. 1B) . In particular, a few individuals showed highly unusual capacities: two "ultramarathoners" had stamina times that were more than six SDs above the mean. The highly skewed distribution for stamina ( fig. 1B) is not, however, unusual for reptiles. Distributions of stamina of hatchling fence lizards (Sceloporus occidentalis, Tsuji et al. 1989 ) and of neonate garter snakes (Thamnophis sirtalis, Garland 1988) are also highly skewed. The mechanistic bases for the extreme stamina of some individual reptiles is largely unexplored. Perhaps extreme individuals have greatly enhanced cardiovascular capacities (e.g., higher hemoglobin, greater maximum oxygen consumption) or greater muscle mass (Bennett 1980b; Bennett et al. 1984; Garland 1984 Garland , 1985 . Age. Shifts in physiological capacities during early ontogeny have been documented for a few species (Pough 1977 (Pough , 1978 (Pough , 1989 van Berkum et al. 1989 ; Jayne and Bennett 1989 b). However, whether performance shifts as an adult ages is rarely known (Clutton-Brock, Ginness, and Albon 1982), largely because physiological ecologists rarely know the ages of their adult study organisms. By studying performance in a demographically known population, we did know the ages of studied individuals and were able to exploit this information to examine performance in young (1-yr-old) versus older (2-3-yr-old) adults.
Age has marginally significant but very minor effects on performance (table 1); interestingly, age seems to affect speed and stamina in opposite ways. Older lizards lose speed but generally gain stamina (table 1) .
Some individuals (especially males) do survive, although very rarely, more than 3 yr. The average cohort generation time for these populations is about 112 yr (Dunham 1980; Dunham et al. 1989) , such that even a 3-yr-old lizard is relatively old. Although our samples of lizards older than 3 yr are small, the age-dependent patterns described above appear to continue. Thus, 4-5-yr-olds were slow, but (except for old Boquillas females, which were very rare) maintained high stamina (R. B. Huey, A. E. Dunham, and K. L. Overall, unpublished data). A senescent decline in sprint speed occurs in greyhounds (Ryan 1975 ) and humans.
Environmental Correlates ofInteryear Variation
Year had significant effects on both speed and stamina, but interyear variation appears more marked for stamina. Does the between-year variation in performance reflect rainfall patterns? Rainfall might influence locomotor performance in complex ways via effects on hydration state (Crowley 1985b 
Toe Loss
Even though toes are obviously important in locomotion (by increasing friction and stride length), the loss of only a few toes (maximum six) from toe clipping or from natural injury did not reduce sprint speed in S. merriami. In a repeated-measures experiment with hatchling S. occidentalis, loss of toes (four) did not affect speed (R. B. Huey, unpublished data). Given that toe clipping is the standard method of individually marking lizards, the findings from these two studies are reassuring. At some point, however, the loss of many toes must affect speed and agility, especially on a complex or vertical substrate.
Tail Loss
Many lizards lose part of their tail during encounters with predators or conspecifics (Arnold 1988 ). Yet tails are often important to some lizards in burst locomotion (Snyder 1962) , and the loss of a tail usually reduces sprint speed (Arnold 1988) . However, in a gecko with a fat tail, tail loss actually increases speed (Daniels 1983 
Conclusions
We studied variation in performance in Sceloporus merriami because of the background information available on demography and ecology. We wish to emphasize two particular advantages that accrued from studying demographically known populations: i) Because recaptured lizards could be uniquely identified, we were able to determine that individual performance is significantly repeatable over periods as long as 1 yr. The temporal repeatability of performance is known in ii) Because the age of each individual was known, we were able to discover not only that the effects of adult age on performance were minor, but also that the effects of age on speed appeared opposite to those on stamina. The mechanistic reasons of this unexpected finding are unexplored. Our studies suggest that the ontogenetic dynamics of physiological capacities in natural populations may be more complex than expected from studies of humans and laboratory animals (Shock et al. 1984) .
Studies of demographically known populations do, however, have associated disadvantages. Establishing a marked and known-age population is difficult and time consuming. One alternative is collaboration with a demographer who already has a marked population. However, certain physiological experiments (e.g., invasive, terminal, or long-duration ones) may not be possible on such populations, for these would interfere with the demographic patterns themselves. This problem may necessitate either establishing marked populations that are used only for experiments or using noninvasive experiments when possible (Burggren 1987).
Our study also demonstrates the advantages of studying populations in multiple years. Because performance varies among years, a single-year study may not adequately characterize a population's average capacities. Moreover, the existence of between-year variation in performance opens opportunities for analyzing environmental and selective correlates of that variation. Demographers have long appreciated this general point (Tinkle 1979 ).
